Studies on the influence of aging on the longitudinal mechanical response of elastic arteries are rare, though longitudinal behavior may have a significant effect on pressure pulse transmission. Our study was designed to elucidate how aging is reflected in changes of the longitudinal prestress, prestretch, and pretension force. The study involved ten human samples (six female and four male) of the abdominal aorta with longitudinal prestretch determined in autopsy. Cylindrical samples underwent a longitudinal elongation test in order to estimate the force necessary to attain the in situ length and to determine the corresponding axial prestress. The elastic modulus was estimated employing hyperelastic limiting chain extensibility model. It was found that pretension force, longitudinal prestress, and prestretch are negatively correlated with age. The decreased longitudinal force necessary to obtain the in situ length suggested that the decrease in the prestress occurs not only due to the age-related increase in the cross-section area. Since elastin is the main constituent responsible for bearing the prestretch, this suggests that the observed decrease in the longitudinal prestress and prestretch reflects aging-induced damage to the elastin. Finally, constitutive modeling showed that limiting chain extensibility is a concept that is suitable for describing the aging effect.
Introduction
Elastic arteries in situ are significantly prestretched in axial direction; they retract upon excision [1, 2] . This phenomenon, although well known, has been rarely studied in detail-especially human data can be found in only limited number of reports. Nevertheless, axial prestress in an artery has important physiological function. In idealized case, it enables the artery to carry the pressure pulse with minimal variation in its length [3] [4] [5] .
Recent studies have proven longitudinal prestretch to be a subject of active arterial remodeling. Axial overstretching led to cell proliferation and matrix synthesis to adapt arteries to changed mechanical environment [6] [7] [8] [9] . Lengthening of endothelial cells [10] as well as lengthening of unloaded artery segment length [11] were also observed. Ex vivo mechanical tests with enzymatically treated arteries [12, 13] and genetically modified animal models [14, 15] suggest crucial role of elastin for bearing the prestretch. The hypothesis of fundamental elastin's function is in accordance with distally increasing magnitude of the prestretch [2, 16] . Caudally decreasing number of elastin lamellae, which sustain approximately constant axial force in the whole aorta [17] , lead to increased force per lamella which results in increasing prestretch.
In this paper, we continue with a study of the longitudinal mechanical behavior of human abdominal aorta, started with a detailed description of age-related changes in the longitudinal prestretch and its correlation with the diameter and with atherosclerosis described in [1, 18, 19] . Previous autopsy measurements of the prestretch have shown a nonlinear age-related decrease in the prestretch magnitude accompanied by a nonlinear increase in the aortic diameter. They, however, have not revealed the magnitudes of the corresponding longitudinal pretension force and prestress.
Methods
Here, we present an experiment aimed at determining the effect of aging on the force that preloads the aorta in the axial direction (the force needed to attain in situ length) and the corresponding axial prestress. The experimental data are used in the constitutive modeling to elucidate age-dependent changes in stiffness related to longitudinal prestretch. Since autopsy measurement (excision from a body) is the only direct method available for detecting non-prestretched length, a simple elongation test of tubular samples was used. To mimic the conditions of autopsy measurement of in situ and ex situ length, the aortas were not pressurized in these tests.
Experiment

Prestretch
Longitudinal prestretch of the aorta was quantified by ratio (1). Here, l denotes the length of the artery segment in situ and L denotes the length after excision from the body. The prestretch was measured in each sample in the way described in [1, 19] .
Pretension force and mechanical response
The experiments were performed with samples of human infrarenal aorta obtained from regular autopsies. The Ethical Committee of the Third Faculty of Medicine of the Charles University in Prague approved the use of human tissue in this research. After being transported to the laboratory, the samples were equilibrated to the laboratory temperature (22 • C). Then, they were cannulated at both ends, marked with a liquid eyeliner, and suspended on a stand. Each cylindrical sample was consecutively elongated by a longitudinal load up to at least a force of 1.6 N. The specimen was photographed in each loading step, and the longitudinal stretch λ z Z was determined through image analysis as the ratio of the deformed to the reference distance between marks on the specimen. Each experiment consisted in at least fifteen loading steps, which spanned approximately 3 min. To avoid a time-dependent material response (creep), the specimen was unloaded between each pair of longitudinal weights. The average loading time in each step was approximately 5 s.
The experimental Cauchy stress σ EXP zz was determined by (2), where F is the acting axial force and S is the reference cross-sectional area given as the product of the circumference and the thickness of the sample. Incompressibility of the tissue was assumed (no volume change during a deformation).
